NEW SPECIES OF MINERISPORITES
Two new megaspore species assignable. to the genus M inerisporites were found in Paleocene and Cretaceous rocks of the Rocky Mountain region of the United States. A third species, previously unreported from North America, was found in Paleocene rocks of Montana. This species, previously reported from the Paleocene of the Netherlands by Dijkstra ( 1961) as Triletes mirabilis forma glossoferus and later transferred to the genus M inerisporites by Potonie' ( 1966) , is herein designated as a new combination-Minerisporites glossojerus. These three species are described and illustrated in the present report.
A fourth species, which I consider to be conspecific with Minerisporites mirabilis (Miner) Pot. and which was previously reported by Miner (1935) from Montana, was also found, as were specimens of M inerisporites pseudorichardsonii1 Gunther and Hills and of three unnamed new species.
The discovery of numerous specimens of three species new to North America of one megaspore genus was somewhat surprising in view of the apparent rarity of megaspores suggested by the scarce reports in the literature. Previous to the present work only 11 species of Minerisporites had been reported from North America. That this apparent rarity is probably more illusory than true will be discussed in the following section.
•Original spelling pseudonchardsoni. See recommendation He, International code of botanical nomenclature, p. 61 (Lanjouw and others, 1966) .
STRATIGRAPHIC DISTRIBUTION
The stratigraphic distribution of all species of Minerisporites reported from North America is shown in figure 1 .
M inerisporites mirabilis (al. Selaginellites mirabilis), the type of the genus, was reported by Miner (1935) from the Paleocene of Montana. I found specimens that I consider to be conspecific with M inerisporites mirabilis in the Paleocene of Wyoming. Hall (1963) reported the presence of M. mirabilis in the Dakota Formation (Cenomanian) of Iowa, Hall and Peake (1968) reportedM. mirabilis in the Windrow Formation of Minnesota (Cenomanian), and Agasie (1969) found specimens that he assigned to M. mirabilis in the Dakota Formation (Cenomanian) of Arizona. The specimen figured by Agasie is probably a specimen assignable toM. dissimilis, n. sp., as herein proposed. Hall's specimen may belong to the same species, but his figure, photographed by reflected light, does not show the detail necessary to allow one to be sure of such a designation. The specimen figured by Hall and Peake is not conspecific with M. mirabilis.
Elsik (Stover and others, 1966) reported a form similar to Minerisporites mirabilis from the upper part of the Paleocene (or lower Eocene) of Texas. He named this fossil Minerisporites mirabiloides. Elsik proposed this species on the basis of five specimens, none of which appears to be complete (and unbroken) . Miner (1932) described the species Minerisporites borealis under the genus Selaginellites borealis from the Upper Cretaceous rocks of Greenland. Singh (1964 Singh ( , 1971 In addition to the species Minerisporites mirabilis mentioned ea~lier, I have found specimens in the Paleocene of Montana which I consider to be conspecific with Dijkstra's (1961) forma glossoferus and have altered (Dijkstra, 1951) Pot M. richardsonii (Murray, 1939) 
SIGNIFICANCE OF MEGASPORES
I am convinced that once megaspores have been routinely searched for in continental Mesozoic rocks they, and the smaller palynomorphs accompanying them, will provide for the stratigraphic subdivision of nonmarine rocks as effectively as ammonites and baculites now serve to subdivide marine-rock sequences. The stratigraphic utility of megaspores is already well established for the Paleozoic (Zerndt, 1930 (Zerndt, , 1937 (Zerndt, , 1938 Dijkstra and Vierssen Trip, 1946; Dijkstra, 1952 Dijkstra, , 1955 Dijkstra, , 1957 Winslow, 1959; Chaloner, 1959 ; and many other authors). Present knowledge of megaspores from Mesozoic rocks suggests that these fossils will become as stratigraphically valuable as those from the Paleozoic.
Representatives of the genus Minerisporites have been found sporadically throughout the Jurassic, Cretaceous, and Paleocene. Present knowledge of species belonging to this genus strongly suggests that most of the species have a comparatively short stratigraphic range. Admittedly, much more work is required to delineate the geographic and stratigraphic ranges of species of Minerisporites in particular and of megaspores in general. The facts that Gunther and Hills (1972) found seven species of Minerisporites in the Brazeau Formation of Canada, that Singh (1964 Singh ( , 1971 found three species in the Albian of Canada, and that I found five species (plus three unnamed species) during the present study suggest that the presence of megaspores in nonmarine Cretaceous and Paleocene deposits is much more common than published reports indicate. Also pertinent is the suggestion that more megaspores would be found if assiduously sought.
The potential stratigraphic usefulness of megaspores in general is brought sharply into focus by the work of Gunther and Hills (1972) . They found 15 genera and 33 species of megaspores in a series of samples from a single formation-the Brazeau Formation of Alberta, Canada. A compilation of the more important reports dealing with megaspore assemblages is presented chronolbgically in table 2. The data presented indicate clearly that megaspores are significant fossils.
In addition to the reports listed in table 2, there are several papers by various authors dealing with only one or two species rather than assemblages of megaspores.
FACIES REPRESENTATION
Megaspores of the genus M inerisporites are found in continental deposits often interpreted as deltaic. They probably grew within, or adjacent to, freshwater lakes or ponds, sometimes within a delta. This inference is derived from the fact that most reports dealing with the genus Minerisporites include mention of other taxa whose ecological tolerances are known. These associated fossil genera include Azolla, Molaspora, Ariadnaesporites, Balmeisporites, Salvinia, and Arcellites. These genera are all considered to be related to the water ferns, whose habitat is freshwater lakes or ponds. The fossil megaspore species of the modern water fern Azolla commonly accompany megaspores of M inerisporites, particularly in Campanian and younger rocks. Fossil Azolla is not known from pre-Campanian rocks (Hall, 1969) . Modern Azolla grows in freshwater ponds or lakes. In the older part of the stratigraphic column, particularly in Cenomanian and Albian rocks, specimens of Minerisporites are commonly accompanied by specimens of Arcellites. A freshwater aquatic habitat has been suggested for Arcellites by Dijkstra (1951) , Hughes (1955) , Cookson and Dettmann (1958) , and Ellis and Tschudy (1964) . Arcellites is very probably closely related to the Hydropteridae, or water ferns, and very possibly to the family Marsiliaceae.
In the present work Azolla specimens were found in all of the Minerisporites-bearing samples from the Paleocene and in the sample from the Eagle Sandstone (Campanian). The species Minerisporites dissimilis, from the upper part of the Lower Cretaceous, was accompanied by specimens of Arcellites disciformis.
It is uncommon to find M inerisporites in rocks that yield dinoflagellates, hystrichospheres, or other fossils indicative of marine deposition (Wall and others, 1971 ) . In general, when found, very few marine specimens are present in the preparation, suggesting a very slight marine influence at the time of deposition. Such slight marine influence could have occurred in a deltaic depositional site. I have never found megaspores of Minerisporites, nor have I seen reports of Minerisporites known to have been in situ from rocks deposited in a strictly marine environment.
The large size of the megaspores, always accompanied by abundant small spores or pollen grains, plus the fact that they are commonly found in coals or highly organic shales or siltstones, is further evidence for a low-energy depositional environment, such as might be found in freshwater lakes, swamps, or ponds.
SYSTEMATICS
Fossil megaspores of the type included in the genus Minerisporites were first reported by Miner (1932) under the appellation of Selaginellites borealis. Later, Miner (1935) described a new species and named it Selaginellites mirabilis. Potonie (1956) Diagnosis.-(translated from Potonie, 1956, p. 67 ). Holotype (including zona) 534 u.; trilete megaspores, the equatorial outline of the central body subtriangular to almost circular (not or only weakly inclined toward triangular); in the genotype the outline becomes more triangular through the elongation of the tecta into projecting points at the juncture of the zona, the remainder of the zona being narrower. Y mark extends about to the zona, tecta sometimes strongly erect and having flap, sheet, or board form; meridional outline of the spore body semicircular to circular, from which the erect high tecta towers above. The photograph presented by Agasie (1969) shows a specimen attributed to Minerisporites mirabilis whose acrolamellae appear to be more delicate than is characteristic of those of M. mirabilis and more closely approaching the appearance of the acrolamellae of M. dissimilis, n. sp., which is found in strata of a slightly older age. Hall (1963) presented a single photograph (reflected light) and no description of his Iowa specimen. The reflected light photograph does not show sufficient detail in the vicinity of the laesurae to permit this specimen to be clearly distinguished from Minerisporites dissimilis, n. sp., discussed later. One of the prominent characteristics of M. mirabilis is the presence of a singularly massive or robust acrolamella. This feature is clearly evident on Miner's (1935) specimens, on those figured by Dijkstra ( 1961 ) , and on those here illustrated on plate 1, figures 1 and 2. It would be somewhat surprising to find the species M. mirabilis in Cenomanian rocks, then a great hiatus in the record throughout the remainder of the Cretaceous, followed by a reappearance in the Paleocene rocks of both Europe and North America. I think it probable that the specimens mentioned by both Agasie (1969) and Hall ( 1963) Dijkstra (1961 p. 6 ) distinguished this form from M. mirabilis as follows: "From T. mirabilis can be distinguished the form glossoferus of which a few bars on the distal area have been merged into 100-120 long tongue shaped protuberances. Dimensions and other ornaments of forma glossoferus are similar to those ofT. mirabilis."
Description.-Trilete megaspores; both equatorial and polar outline of central body circular, outline of entire spore triangular in polar view, owing to extensions of auriculae of zona opposite the laesurae; acrolamellae extending on to the zona, acrolamellae high, membranous at their outer margins, and shorter at the juncture of the laesurae, thereby developing a notch characteristic of other members of the genus. Exine granular, 6-12 p. m thick exclusive of sculpture; sculpture consisting of an irregular reticulum, the lumina elongated in the polar direction. Muri 4:....8 p. m wide, of irregular height; some parts of mur¥, particularly on the distal surface, extend into tongue-shaped proturberances as much as 120 p. m long.
Size ranges based on the measurement of 20 specimens. Type specimens designated on plate explanations. Diagnosis.-Trilete megaspore, outline of central body circular; in polar view outline of spores rounded triangular to circular; acrolamellae prominent, but thin and membranous with faint striations or incipient reticulations at the bases; acrolamellae characteristically notched' at juncture of laesurae. and extend on to the narrow zona. Zona narrow~ but becomes wider opposite the laesurae by the development of slight auriculae. Exine thin, about 25 p.m including sculpture, two-layered, inner layer 2-4 p.m thick, outer about 20 p.m thick, with irregular reticulate sculpture. Individual reticulations compound-that is, a large lumina with prominent bounding muri surround several secondary smaller lumina with very low muri.
Size range based on the measurement of 40 specimens. Diameter including zona 408 (631) Description.
-(From Gunther and Hills, 1972 ) "Trilete megaspore; equatorial outline of the spore triangular; zona (or cingulum) on the equator, widest at the apice; prominent triradiate lamellae on the trilete laesurae, extend to the outer margin of the zona; exine relatively thick and with a reticulate ornament on both proximal and distal surfaces, short spine-like projections often found at the junction of the muri; both triradiate lamellae and zona are striated in a direction perpendicular to the spore body. Too few specimens (nine, only four of which showed characteristics to good advantage) were found adequately to circumscribe this species. A brief provisional description follows.
Description. Remarks.-These specimens bear some resemblance to specimens of M. venustus Singh. They differ in being slightly smaller, in possessing much larger, more prominent acrolamellae and zonal membranes, and possessing membranous auriculae in the zona opposite the laesurae.
Only one specimen observed. Too few specimens (five) were found to adequately circumscribe this species; hence, only a brief description is here presented.
Description.
-(incomplete)
Trilete megaspores; equatoria~ outline of central body circular; outline of spore including prominettt auriculae triangular; aerolamellae thin, membranous, about 50 ,u. m high, extending onto the arcuate lamellae; arcuate lamallae narrow in interlaesural areas, as much as 100 ,u.m wide opposite laesurae. Wall thin, surface having delicate, low reticulum, muri narrow, lumina 10-20 ,u.m in diameter. 
METHODS
The methods employed for processing samples and preparing slides are standard for this laboratory and have been reported previously (Tschudy, 1970) . The fossil megaspore localities are listed in table 3.
All specimens illustrated in this report are preserved on slides deposited in the paleobotanical collections of the U.S. Geological Survey, Denver, Colo. All illustrated specimens are within black inked circles marked directly on the slides; they may also be located on the slides by the mechanical-stage coordinates given in the plate captions. In order that other workers may convert their mechanicalstage readings to those recorded for specimens included in this report, the coordinates for the center point of a 1-by 3-inch standard microscope slide are 108.0 and 12.3 mm (designated as 108.0xl2.3). The method of accurately locating the center of a standard microscope slide is described by Tschudy (1966, p. D78) . If the slide label is placed to the left, the vertical coordinates decrease toward the near edge of the slide, and the horizontal coordinates decrease toward the right edge of the slide.
In addition to slides of illustrated specimens, color photographs are available from the U.S. Geological Survey laboratory, Denver, Colo., on a limited-time loan basis.
